Abstract. The effects of two benzodiazepines, diazepam (15 or 20 mg orally) and lorazepam (1.75 or 2.5 mg orally), and a placebo on explicit memory, lexical priming and perceptual priming were assessed using a freerecall, a word-completion and a picture-completion test. The picture-completion test included two different study conditions intended to manipulate the magnitude of the priming effect. Sixty healthy volunteers took part in this double-blind study. Free-recall performances were altered by both drugs. Lorazepam impaired wordcompletion and picture-completion performance, whereas diazepam only exhibited a deleterious effect on the more sensitive of the two measures of the picturecompletion test. These results indicate that the two benzodiazepines have differential amnestic effects. It is suggested that these differential effects could be accounted for by a different cortical distribution of the two benzodiazepines.
Soon after their introduction as a treatment for anxiety, it appeared that benzodiazepines had an amnestic effect (Brandt and Oakes 1965; Brown and Dundee 1968; Clarke et al. 1970) . Subsequent studies demonstrated that anterograde amnesia following benzodiazepine administration resulted from an impairment in acquisition of new information whereas access to information acquired before drug administration was intact (Clarke et al. 1970; Ghoneim and Mewaldt 1975; Clark et al. 1979; Brown et al. 1982) . These studies of benzodiazepineinduced amnesia were carried out using free-recall, cuedrecall and recognition tests. In such tests, subjects are explicitly asked to try to remember recently presented information. Thus, Graf and Schacter (1985) labelled the memory assessed by these traditional tests explicit memory.
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Recently, attention has been given to experimental situations in which a previously encoded information is subsequently expressed without any conscious recollection. This memory is referred to as implicit because instructions refer only to the task in hand and never to a previous learning episode. Implicit memory is revealed by an improvement in task performance which is attributable to information acquired during a prior study episode. In the word-stem completion test, subjects are shown a list of words which includes, for instance, the word DEFENCE; a few minutes later they are required to complete a list of word stems (i.e. DEF...) with instruction to write the first word that comes to mind. Subjects show an enhanced tendency to complete stems by forming a word presented in the study list (here DE-FENCE rather than DEFECT, for instance). Such a phenomenon is referred to as repetition priming. The word-completion task explores lexical priming but a priming effect can be observed in a large variety of implicit memory tests, using different material. This is the case for the picture-fragment completion task, which provides evidence of a perceptual priming effect. In this task, subjects are first shown a series of line drawings of common objects, such as a comb or stool, which they are asked to identify. Later, they are presented with a series of increasingly more complete line drawings, including pictures presented in the study phase (old pictures) and others that were not (new pictures), until they can identify them. Subjects perform better with old pictures than with new pictures. This savings in picture-identification performance is a measure of implicit memory because subjects are never required to retrieve information consciously from the study phase to show perceptual priming.
Explicit and implicit memory are distinct and separable forms of memory, as is suggested by several lines of evidence (review in Richardson-Klavehn and Bjork 1988) , the foremost stemming from patients with organic amnesia. While displaying profound impairment in explicit memory tests, these patients demonstrate spared capacities in many priming tasks (Warrington and Weiskrantz 1970; Grafet al. 1984; Cermak et al. 1985; Moscovitch et al. 1986 ). More recently, a similar dissociation has been identified in benzodiazepine-induced amnesia: diazepam-treated subjects exhibit normal word-completion performance but are impaired in a freerecall test (Fang et al. 1987; Danion et al. 1989 Danion et al. , 1990 .
It is classically admitted that the amnestic effect of the different benzodiazepines is qualitatively similar. Amnesia would thus only differ from one drug to an other in terms of magnitude, time of onset and duration and would be a function of the drug, the dose, the route of administration and the population of subjects to which the benzodiazepines are administered (Lister 1985) . It has recently been reported that lorazepam, another benzodiazepine, impaired both explicit memory and repetition priming, as assessed by a word-completion task (Brown et al. 1989; Curran 1991; Danion et al. 1992) . These apparently discrepant results might reflect a qualitative difference between the two benzodiazepines, (Lister 1991) but caution is needed in interpretating these results in the absence of a direct comparison between these two benzodiazepines; in addition, their effects on other priming tasks have not yet been investigated. The aim of this study was to compare directly the effects of diazepam and lorazepam on explicit memory and repetition priming in healthy volunteers. To determine whether the hypothetized differences between the two benzodiazepines are task-dependent or reflect true differential effects on repetition priming, two implicit memory tasks were used: a word-completion task, assessing lexical priming, and a picture-completion task, assessing perceptual priming. Although Tulving and Schacter (1990) have proposed that these two forms of priming are expressions of a single perceptual representation system, their dissociation in Alzheimer's disease suggests that word completion and picture completion involve distinct cognitive processes (Keane et al. 1991) .
Materials and methods

Subjects
Sixty paid healthy volunteers of both sexes whose native language was French were recruited from the University of Strasbonrg. They all studied medicine and ranged in age from 20 to 29 (mean age: 22.4, SD = 2.4). The subjects had no medical illness or history of alcoholism, drug abuse or tobacco consumption of more than 10 cigarettes/day. They were not chronic users of benzodiazepines and had not taken any concomitant medication for at least 15 days. They were instructed to abstain from beverages containing caffein or alcohol for the 24 h prior to the study. All subjects were tested in the morning, after an overnight fast. The protocol was approved by the Faculty Ethics Committee. All the volunteers gave their written informed consent.
Experimental design and drugs
Subjects were randomly assigned to one of 5 parallel groups, each of 12 subjects: a placebo group, a diazepam 15 mg group, a diazepam 20 mg group, a lorazepam 1.75 mg group and a lorazepam 2.5 mg group. Thus, for each drug a low and a high amnesia-inducing dose was selected on the basis of an equipotential effect on explicit memory. According to Dundee et al. (1979) , the amnesic potency of lorazepam would be 5 times that of the diazepam, although Kothary et al. (1981) thought that the ratio was 1 : 10. On the basis of our previous studies and these data, we chose doses compatible with commercially available tablets at intermediate ratios that were roughly equivalent for the low and high doses (1 : 8.6 and 1 : 8, respectively).
The duration of explicit memory impairment is greater for lorazepam than for diazepam. Nevertheless, the chosen doses of diazepam induced a marked amnestic effect throughout the duration of the study (Ghoneim et al. 1984) . Peak plasma concentrations are usually attained within 60 min for diazepam and 120 min for lorazepam, after oral administration (Mandelli et al. 1978; Ameer and Greenblatt 1981) . To test subjects during the peak concentration, the drugs were administered as follows: subjects from diazepam groups received a placebo at 8 a.m. and diazepam (either 15 or 20 mg) at 9 a.m. Subjects from lorazepam groups received lorazepam (either 1.75 or 2.5 mg) at 8 a.m. and a placebo at 9 a.m. and subjects from the placebo group received twice a placebo, at 8 and 9 a.m. A double-blind procedure was followed.
Tests
A series of memory and cognition tests were administered to each subject individually. Implicit memory was assessed by a word-stem completion task and a picture-fragment completion task, and explicit memory by a free-recall task. Semantic memory, short-term memory and ability to process visual information were assessed by verbal generation tasks, digit span task and Gottschaldt's hidden figures task, respectively. Subjects assessed their subjective state of sedation with visual analogue scales. Testing began at 10 a.m. for all subjects and lasted approximately 80 min. The order of the tests and their respective times of administration are summarized in Table 1 .
Implicit memory
Word completion task. This was designed to assess the lexical priming effect. A pool of 60 target words, consisting of common words, was selected according to the following criteria. First, the initial three letters -the stem -of each word had to be unique in the whole set of words. Second, for each three-letter target stem, a French pocket dictionary had to list at least ten common words with the same stem, thus ensuring that subjects would be easily able to generate a completion for each stem. Third, the target words had to have at least five letters and had to be of medium frequency (range 40-70 per million, according to the Frequency Dictionary of Juilland et al. 1970) . The pool of 60 target words was then randomly divided into two sets of words.
Subjects were shown a list of 36 words: the 30 target words with 3 buffer words at the beginning and the end of the set, to control primacy and recency effects. The words were typed on an index card, and subjects were instructed to try to remember them. Subjects were given 5 s to read each word aloud and rate it on a visual analogue scale according to how much the word was liked or disliked. After studying the list of 36 words, subjects underwent a 6 min distractor task, followed by the completion test. The completion test form listed all 60 target word stems: the stems of the 30 words presented in the study phase (primed words or "old words") were randomized with the 30 non-presented words of the other set (non-primed words or "new words"). Thus, half the test items measured completion on previously presented words and the other half provided a measure of baseline or chance performance. The two sets were counterbalanced across subjects. The completion test was administered with instructions to complete each stem with the first word which came to mind, working quickly. When a proper name was generated, the experimenter asked for an alternative completion.
Picture-fragment completion task.
It was intented to assess perceptual priming. Three sets of seven pictures of objects were drawn from a pool of 150 pictures selected from Snodgrass et al. (1987) . For each picture, a series of fragmented images at eight levels of fragmentation was obtained, using an algorithm which randomly and cumulatively deleted equal blocks from the picture to produce 8 levels of fragmentation per stimulus (Snodgrass et al. 1987) . Level 1 corresponded to the most fragmented picture and level 8 to the complete picture. For a given level, the degree of fragmentation was comparable between the different pictures.
The task comprised two different study conditions. In one condition (complete condition), pictures were shown complete (level 8).
In the other study condition (fragmented condition), a series of increasingly more complete pictures were shown until they were identified; this condition produces more savings on subsequent identification performance (Snodgrass and Feenan 1990) . The enhancement of savings could be explained by the experience of perceptual closure at study, consisting of filling in gaps in the contours of fragmented pictures so as to perceive the pictures (Snodgrass and Feenan 1990) . This experience supposedly reorganizes the processes of perceiving the pictures, which can therefore be identified at test with less information, i.e. at a higher level of fragmentation. The inclusion of a fragmented condition in this study was based on the assumption that the experience ofperceptuaI closure would exacerbate the processes underlying perceptual priming, and was therefore intended to maximize the deleterious effects of the drugs.
Subjects were told that they would have to identify pictures that were shown on an index card. They were presented with two randomly mixed sets of seven pictures. Pictures from one set were shown complete, each one for 10 s. Those from the other set were shown at level 1, and subjects were asked to identify the fragmented picture within 5 s; if they failed, subjects were shown the next level of fragmentation, until they were successful, according to the ascending method of limits. The two sets were counterbalanced across subjects. Three practice pictures, common to both sets, preceded the presentation of the 14 pictures and were not scored. After a delay of 1 h, during which they performed other tasks, subjects underwent the completion test. They were shown 21 pictures, including the 14 study pictures (old pictures) and 7 new pictures. Each series of fragmented pictures was shown with the ascending method of limits, in which the most fragmented picture (level 1) was presented first. Subjects had 5 s to identify the picture at a given level. The perceptual identification threshold was the level of fragmentation (levels 1-8) at which the picture was identified.
The data of interest were the identification thresholds of the old and new pictures during the test phase. Savings was calculated for each of the two study conditions by subtracting identification thresholds of new pictures from those of old pictures.
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Explicit memory
The recall test was administered after the word-completion task, with the instruction to retrieve as many words from the study list as possible in 3 rain.
Short4erm memory
This memory was assessed using the digit span from the WAIS-R (1981). In addition a digit symbol substitution test was carried out for 90 s (WAIS-R).
Semantic memory
In this task, subjects were required to write, in 90 s, as many words as they could from a given category (four-footed animal) and a given letter (French words beginning with the letter W).
Gottschaldt's hidden figures test
This test was intended to assess ability to process visual information. It used 34 simple figures and 34 relatively complex geometrical figures in which the former were hidden. Subjects were required to identify each hidden figure by tracing the outline of the simple figure embedded in the more complex one (Gottschaldt 1928) . The subjects' performance was assessed according to the accuracy of the drawings (number of the 34 hidden figures correctly outlined) and the time required to perform the task.
Analogue self-ratings
At the end of the study, subjects used a set of 15 visual analogue scales to assess their subjective state. Each scale consisted of a 100 mm horizontal line without gradation, anchored by contrasting states of mind. Subjects were told to indicate how they felt at the moment by placing a mark along this continuum. The scales were scored by measuring the distance in millimeters of the mark from the left end of the line. Five of these scales assessed complementary aspects of sedation (alert-drowsy, excited-calm, clear headedmuzzy, energic-lethargic, quick-slow); the mean score of these five scales was calculated for each subject and was taken as a measure of sedation.
Awareness questionnaire
At the end of the study, once all the memory tests had been carried out, subjects were submitted a questionnaire, designed to investigate the relationship between performance in implicit tasks and awareness/unawareness of the study episode during the testing phase. Based on Bowers and Schacter (1990) , the questionnaire included four questions, which were adapted for each implicit task, i.e. word-completion and picture-completion task. Two questions were more open-ended: i) "What did you think was the purpose of the task?"; ii) "What was your strategy in completing the word stems (or identifying the fragmented pictures)?" The two last questions were more pointed: i) "Did you notice any relationship between the list of words you read at the start of the study and the words produced in completing the stems?" or "Did you notice any relationship between the pictures presented at the start of the study and those you had to identify at the end?"; ii) "While completing the stems, did you notice whether you were completing some of the stems with the words shown earlier?" or "While completing the picture-fragments, did you notice whether some identified pictures were the same as those shown earlier?". Subjects who did not mention the existence of a study episode in response to the two former questions and responded negatively to the two last questions were categorized as test unaware.
Statistical analysis
The results were analysed with an analysis of variance. Whenever this analysis was significant, t-tests were used to compare performances between groups; the P values were corrected according to the Bonferroni probabilities. Analyses of covariance (ANCOVAs) were carried out on word-and picture-completion performance using free-recall, digit symbol substitution and Gottschaldt's test performance, and self-ratings of sedation as covar~ates, according to Cochran and Cox (1957) . The stochastic dependence between word-completion and free-recall tests in each group was studied using the chi 2 method as suggested by Tulving et al. (1982) ; the basic statistical unit of this analysis was a subject-item.
Results
The five groups did not significantly differ in terms of mean age, mean weight and mean score on the 
Free-recall and word-completion tasks
The mean free-recall and word-completion performances are shown in Table 2 and in Fig. 1 . As expected, a significant drug effect was found in the free-recall task [F(4,55)=8.42, P<0.0001], diazepam and lorazepam provoking a significant impairment of free-recall performances. The deficit was more pronounced with the highest doses of the drugs, but there was no significant differences between the four active groups.
In the word-completion task, the number of new words successfully completed, i.e., baseline performance, did not vary significantly across groups [F(4,55) WORD COMPLETION ( number of old words successfully completed ) Fig. 1 . Mean free-recall performance as a function of mean wordcompletion performance in the 5 groups diazepam, decreased the number of old words successfully completed, the deficit being significant at the 2.5 mg dose; this indicated that the two benzodiazepines have differential effects. The analysis of implicit performance, expressed as the number of old words successfully completed by each subject minus the number of new ones, yielded a similar conclusion. An ANOVA revealed a significant drug effect [F(4,55)= 2.92, P < 0.05], follow-up analyses indicating that lorazepam 2.5 mg induced a significant deficit of implicit performance. However, the differential effects of the two drugs were less clear-cut, a slight, non-significant decrease in performance being observed in the diazepam groups; this was due to a non-significant increase in the number of new words successfully completed (baseline performance) by the diazepam-treated subjects.
Free-recall and word-completion performances were not significantly correlated. In addition, a contingency table comparing word completion and free recall showed that the number of words recalled was higher than expected when the words had previously been completed successfully in the placebo (P<0,0001, Fisher's exact test), diazepam 15 mg (P < 0.0001), diazepam 20 mg (P< 0.01) and lorazepam 2.5 mg (P< 0.05) groups. The results were marginally significant in the lorazepam 1.75 mg group (P = 0.06). The most important cell contribution to chi 2 was that of words which were completed successfully and then recalled. In other words, the conditional probability of recall, given successful completion, was higher than the simple probability of successful completion (placebo group: 0.50 versus 0.22, diazepam 15 rag: 0.47 versus 0.19, diazepam 20 rag: 0.48 versus 0.22, lorazepam 2.5 rag: 0.30 versus 0.08, lorazepam 1.75 rag: 0.26 versus 0.125. These results showed a stochastic dependence between the two tests.
Picture-completion task
Mean picture-completion performances are shown in Table 3 . The identification thresholds of new pictures did not vary significantly across groups [F(4,55)= 2.03]. The identification thresholds of old pictures and the savings were analysed using a two-way ANOVA, with drugs as a between-subject factor, and condition (complete versus fragmented) as a within-subject factor. An ANOVA carried out on savings yielded a significant main effect of drugs [F(4,55)=14.8, P<0.0001], a significant main effect of condition [F(1,55)=64.1, P<0.0001) and a significant interaction between drugs and condition [F(4,55) = 3.07, P< 0.05]. An ANOVA carried out on the identification thresholds of old pictures yielded similar results. Follow up analyses indicated that, as expected, performances were significantly better in the fragmented than in the complete condition. In the complete condition, lorazepam 1.75 mg induced a significant impairment of the identification thresholds of old pictures, as compared to placebo and diazepam 15 mg and 20 rag, and a significant impairment of savings, as compared to diazepam 15 rag. In the fragmented condition, lorazepam 1.75 mg induced a significant impairment of the identification thresholds of old pictures and of savings, as 375 compared to placebo. Lorazepam 2.5 mg significantly decreased performance (whether expressed as identification thresholds of old pictures or as savings) as compared to placebo and diazepam 15 and 20 mg in both conditions, virtually no more savings being observed in the complete condition. The interaction between drugs and condition was probably due to the fact that the effect of diazepam on performance depended on whether pictures had previously been presented complete or fragmented. Whereas diazepam did not impair performance in the complete condition, a deficit was observed in the fragmented condition, which was significant at the 15 mg dose (identification thresholds of old pictures) and at the 20 mg dose (identification thresholds of old pictures and savings), compared to placebo.
Digit symbol substitution task
Performance on this test was significantly reduced in the lorazepam 2.5 mg group, but not in the other groups [F(4,55)= 5.51, P<0.001], (Table 4 ).
Gottsehaldt's hidden figures task
This task showed a significant drug effect, whether performance was measured by the number of the figures correctly outlined [F(4,55) --3.21, P< 0.02] or by the time required to perform the task [F(4,55)= 7.82, P < 0.0001]. Performance diminished in the four active groups, but the difference was only significant for the lorazepam 1.75 mg group (time required to perform the task) and for the lorazepam 2.5 mg group (time required to perform the task and number of the figures correctly outlined), (Table 4) .
Digit span task
No significant drug effect was observed [F(4,55)= 1.97]. 
Category-and letter-generation tasks
No significant drug effect was observed in the categorygeneration task [F(4,55) = 0.55] or in the letter-generation task [F(4,55)= 1.44], (Table 4) .
Self-ratings of sedation
Self-ratings of sedation showed a significant drug effect [Fs(4,55)=4.45, P<0.01]. Subjects experienced a substantial sedative effect in the four active groups, the differences being significant in the diazepam 15 mg group and in the lorazepam 2.5 mg group (Table 4) .
ANCO VAs
ANCOVAs were carried out on word-completion performance and on picture-completion performance (identification thresholds of old pictures and savings in both conditions), with free-recall, digit symbol substitution, Gottschaldt's task performance and self-rated sedation as covariates. There was a significant influence, due to lorazepam, of Gottschaldt's task performance (whether expressed as time required to perform the task or as number of the figures correctly oulined) on the identification thresholds of old pictures in both conditions (Fs>5.13, Ps<O.05). There was also a significant influence of self-rated sedation on the identification thresholds of old pictures in the fragmented condition (F= 5.21, P< 0.05); this influence was due to the four active groups. Finally, there was a significant influence, due to lorazepam, of digit symbol substitution performance on Gottschaldt's task performance (F= 26.0; P < 0.0001).
Awareness questionnaires
The number of subjects who were aware of a relationship between the study and test phases of the wordb Performance significantly different from that of the diazepam 15 and 20 mg groups (P<0.05) (t-tests; P values corrected according to the Bonferroni probabilities)
completion task was higher in the placebo group (11 out of 12) than in the other groups (7 out of 12 in the diazepam 15 mg group and 5 out of 12 in each of the remaining groups). All subjects were aware of the nature of the picture-completion task, with the exception of one subject in the lorazepam 1.75 mg group and two subjects in the lorazepam 2.5 mg group.
Discussion
This study indicates that diazepam and lorazepam have differential amnestic effects. As previously demonstrated (Fang et al. 1987; Dan±on et al. 1989 Dan±on et al. , 1990 , diazepam impaired free recall but spared word completion, therefore inducing a dissociation between explicit and implicit memory. Lorazepam impaired free-recall as well as word-completion performance, as measured by the number of old words successfully completed: a deleterious effect was observed at the 1.75 mg dose and was reliable at the 2.5 mg dose, in comparison to performance in the placebo and diazepam groups. The analysis of implicit performance, as measured by the difference between the number of old and new words successfully completed, supports the same interpretation, even though the differential effects of the two benzodiazepines were not significant. The absence of significant changes in the number of new words successfully completed, in conjunction with intact performance in the category-and lettergeneration tasks, indicates that lorazepam-induced impairment of word completion cannot be explained by a disturbance of lexical access. Previous studies which demonstrated that lorazepam impairs word-completion performance (Brown et al. 1989; Dan±on et al. 1992 ) have been unable to determine whether this effect was task-dependent or reflected a genuinely deleterious effect on lexical priming per se, since they did not include other priming tasks. A picturecompletion task, assessing a more perceptual priming, was included in this study to investigate this issue. A deleterious, dose-dependent lorazepam effect was once more found in both complete and fragmented conditions of this task, virtually no savings being observed with the highest dose. Despite the fact that the two tests differed in terms of intentional (word-completion test) or incidental (picture-completion test) instructions, both were impaired by the drug. These results argue against the hypothesis that the lorazepam effect is task-dependent, and strongly support the notion that it is the priming effect per se, whether lexical or perceptual, which is impaired by the drug.
The diazepam effect in the picture-completion task depended on whether pictures were previously presented complete or fragmented. No deleterious effect was observed in the complete condition, but performance was lower in the fragmented condition. This pattern of results can best be interpreted within the framework of the perceptual closure hypothesis which has been recently renewed by Snodgrass and Feenan (1990) . According to this framework, the presentation at study of fragmented pictures results in enhanced savings in the subsequent picture-identification task which can be accounted for by the experience of perceptual closure, i.e., filling in gaps in contours of fragmented pictures so as to perceive the most meaningful forms that circumstances permit. If this experience occurred during the study phase, it would involve a reorganisation of the processes of perceiving a particular picture, such that perceptual closure would be achieved at test with less information than before the reorganization. It can be suggested that a deleterious diazepam effect is observed in the fragmented condition but not in the complete condition because the former represents a more potent paradigm for revealing a deleterious drug effect on perceptual savings. However, it is unclear whether the deficit induced by diazepam in the fragmented condition is specific, i.e. reflects a true decrease in perceptual priming, or non-specific, i.e. is the expression of a deleterious effect of diazepam on other kinds of processes, such as those involved in conceptual 377 priming, which is impaired by diazepam (Fang et al. 1987) and torazepam (Brown et al. 1989) . In particular, it is possible that the sedation induced by diazepam may have played a role in this deficit; this is supported by an ANCOVA which revealed a significant influence of selfrated sedation on performance in the fragmented condition of the picture-completion test. According to this view, the amnestic effects of diazepam and lorazepam would differ qualitatively rather than quantitatively. It is not possible to establish on the basis of this study whether the diazepam-induced deficit is specific or not. But whatever the correct explanation, it must be emphasized that the deleterious diazepam effect is far less pronounced than the lorazepam effect, thus providing strong evidence for differential amnesic effects in both tests of implicit memory.
Since memory and the cognitive effects of benzodiazepines are dose dependent, it could be claimed that the differential effects of diazepam and lorazepam are explained by the selection of non equipotential doses of the drugs. The doses were chosen to provoke an explicit memory deficit of comparable magnitude. However, it is difficult to determine such a correspondence since direct comparisons between the two drugs are scarce and inconsistent (Dundee et al. 1979; Kothary et al. 1981) . The results of the free-recall test suggest that lorazepam 2.5 mg affected slightly more explicit memory than diazepam 20 rag, although there was no significant difference between the active groups. The same point can be made with regard to the digit symbol substitution test and the Gottschaldt's hidden figures test. These results could lead to the conclusion that lorazepam exhibited differential effects in priming tasks only because the 2.5 mg dose was more potent than the 15 and 20 mg doses of diazepam. However, this seems unlikely for two reasons. Firstly, lorazepam 1.75 rag, which induced a similar impairment of explicit memory as diazepam 15 mg, clearly differs from diazepam as regards its effects on implicit tasks. Secondly, to equalise explicit memory performance in active groups, two subgroups of diazepam-and lorazepam-treated subjects who were unable to recall more than one item were constituted. In conditions where the explicit memory deficit was similar, the patterns of implicit memory dysfunction of the two subgroups were identical to those observed in the whole groups (Table 5) . The differential amnestic effects of diazepam and lorazepam are unlikely to be explained by changes in shortterm memory or recording skills, as suggested by the absence of any significant influence of digit symbol substitution performance on implicit memory performance. However, there was a significant influence, due to lorazepam, on performance in both conditions of the picture-completion task when Gottschaldt's test performance was taken as a covariate. The significance of the impairment of this test, which was intended to assess the ability to perceive visual information, is unclear. The deficit was probably unspecific, since a significant influence on Gottschaldt's test performance was found in an ANCOVA using digit symbol substitution performance as a covariate. In addition, the identification of new pictures in the picture-completion test was not impaired by the drugs, suggesting that the ability to perceive visual information remained intact. The differential effects of the two benzodiazepines cannot be accounted for by differences in awareness of the nature of the implicit tasks, since the number of subjects who were aware of a relationship between the study and test phases of the word-and picture-completion tests was similar for the four active groups.
As discussed by Richardson-Klavehn and Bjork (1988) , the fact that a manipulated variable induces similar effects on explicit and implicit tests might mean either that the variable affects a form of memory that is contributing to performance in both tests, or that this variable has similar effects on two different forms of memory. One way to decide between these interpretations is to look for a stochastic dependence. The demonstration of a dependence would argue in favour of the first interpretation, whereas its absence would support the second. Accordingly, these results, which demonstrated a stochastic dependence between free-recall and word-completion in the lorazepam 2.5 mg group, could be taken as evidence that only one form of memory was impaired by the drug. However, this seems unlikely, for two reasons. Firstly, the stochastic dependence was not specific to the lorazepam group, and might be attributed to an inter-test bias, due to the fact that the successful completion of a word in the implicit test acts as a second study trial and boosts subsequent explicit memory performance (Tulving et al. 1982; Shimamura 1985; Danion et al. 1989) ; this bias across tests prevents the establishment of stochastic dependence, even if explicit and implicit memory are independent. Secondly, the absence of a significant correlation between free-recall and word-completion performance, together with the diazepam-induced dissociation between explicit memory and priming, and with the previously demonstrated dissociations induced by various pathological and experimental situations, all argue in favour of two psychobiologically distinct forms of memory.
This study offers consistent evidence that two benzodiazepines have differential amnestic effects. Similar differences have been reported in a review by Curran (1991) , quoting an unpublished study that compared the effects of oxazepam and lorazepam on a word-stem completion task. Such differential effects, observed with drugs which belong to the very homogeneous pharmacological class of full agonists of benzodiazepine receptors, call for replication with these and other benzodiazepines, and require further investigations, if they are to be explained. It is well known that benzodiazepines exhibit a cerebral cortex fixation, which is highest in the frontal and occipital areas (Sieghart et al. 1985; Trifiletti et al. 1987) . Since lexical and perceptual priming is probably dependent on the temporo-parietal and occipital cortical areas respectively (Keane et al. 1991) , it can be suggested that a differential cortical distribution of diazepam and lorazepam could account for their differing amnestic effects. An investigation of the cerebral fixation of the two drugs using positron emission tomography, as has been recently undertaken with flumazenil (Abadie et al. 1991) , could offer some clues to help resolve this issue.
The clinical implications of the differential amnestic effects of diazepam and lorazepam remain to be elucidated. Although priming is probably a ubiquitously occuring phenomenon in every day life, the consequences of its impairment on people's ability to function efficiently is unknown.
